High throughput sequencing using the Illumina HiSeq platform is a pervasive and critical 12 molecular ecology resource, and has provided the data underlying many recent advances. A 13 recent study has suggested that 'index switching', where reads are misattributed to the wrong 14 sample, may be higher in new versions of the HiSeq platform. This has the potential to 15 invalidate both published and in-progress work across the field. Here, we test for evidence of 16 index switching in an exemplar whole genome shotgun dataset sequenced on both the Illumina 17
Introduction 27 28
High throughput sequencing, primarily through the Illumina HiSeq platform, has revolutionized 29 molecular ecology. In fact, 50% of original articles in a recent issue of Molecular Ecology (Vol 30 26, Issue 2) included Illumina-derived sequence data. Researchers can now explore questions 31 that were completely unanswerable before current sequencing technologies, using approaches 32 such as genome scans, genome assembly and high density genetic mapping (e.g. Gould and 33
Stinchcombe, 2017; Standage et al. 2016; Li et al. 2017) . With the central role that sequencing 34 plays, it is alarming that a recent preprint suggests increased index switching on the new HiSeq 35 4000 and HiSeq X machines (Sinha et al. 2017) . 36
37
To prepare DNA for Illumina sequencing, strands are fragmented and adapter sequences are 38 attached to the ends of these fragments. These adapters contain the sequence that binds to the 39 flow cell, a primer sequence for amplification during sequencing and, potentially, a barcode 40 index for linking reads to individual samples. Indexes are required when multiplexing samples 41 within a single sequencing lane, and can be included in adapters at one or both ends of the 42 DNA fragments. As the output of a single sequencing lane has increased, multiplexing has 43 become increasingly common. This is especially true in molecular ecology, where researchers 44 often aim to maximize sample size by using low coverage whole genome data (Buerkle and 45 (Sinha et al. 2017 ). They dual indexed (i.e. barcodes on both adapters) all samples 52 using a Nextera XT kit and found that samples that shared a single index had greater similarity 53 in gene expression levels than expected. The authors attributed this to index switching, and 54
showed that controls containing adapters and index primers but no template DNA still had reads 55 assigned to them, receiving 5-7% of the average number of reads of samples with template 56 DNA as a result of index switching. They proposed that index switching occurs during cluster 57 generation (before sequencing) when free index primers replicate already indexed library 58 fragments. These newly copied fragments will then carry one wrong index and be misattributed 59 to another sample. Importantly, they find that this only occurs on the Illumina HiSeq 4000, which 60 uses a patterned flow cell and a new exclusion amplification (ExAmp) chemistry, and not in the 61
NextSeq 500, which does not. Both the HiSeq 4000 and HiSeq X use a patterned flow cell and 62 the cBot 2 system for cluster generation, suggesting that the problem may occur in both 63 machines. Illumina has acknowledged that index switching can occur and is higher in machines 64 that use a patterned flow cell, but suggests total index switching is >2% of reads (Illumina, 65 2017 End Repair Module (NEB, Ipswich, Massachusetts, USA). The fragments were then A-tailed 90 using Klenow Fragment (3'-->5'exo-) from NEB and ligated to 24-bp-long, non-barcoded 91 adapters with a 3' T-overhang (Table S1 ) using the Quick Ligation Kit from NEB. After each 92 enzymatic step, the reactions were purified using 1.6 volumes of a solution of paramagnetic 93 SPRI beads (MagNA), prepared according to Rohland and Reich, 2012. An enrichment step 94 was then performed using KAPA HiFi HotStart ReadyMix (Roche, Basel, Switzerland) and short, 95 non-indexed primers that do not extend the adapters (Table S1) . The reactions were then 96 purified using 1.6 volumes of MagNA beads. The sunflower genome contains a very large 97 amount of highly repetitive sequences derived from the recent expansion of two retrotransposon 98 families (Staton et al. 2012 and primers (to a final concentration of 0.4 µM each) to complete the adapters and add a six-bp 103 index to the P7 adapter (Table S1 ). The sequence of the completed adapters is identical to that 104 Illumina's TruSeq adapters. 105
106
After amplification, the libraries were purified twice with 1.6 volumes of MagNA beads, 107 quantified using a QuBit dsDNA Broad Range Assay Kit (Invitrogen, Carlsbad, California, USA) 108 and analyzed on a 2100 Bioanalyzer instrument using a High Sensitivity DNA Analysis Kit 109 (Agilent, Santa Clara, California, USA). The libraries were then quantified on an iQ5 Real Time 110 PCR Detection System (Bio-Rad, Hercules, California, USA) using Maxima SYBR Green qPCR 111
Master Mix (ThermoFisher Scientific, Waltham, Massachusetts, USA) to determine molarity, and 112 pools consisting of ten libraries each were prepared. All libraries were sequenced at the 113 Genome Quebéc Innovation Center; 156 libraries were sequenced on a HiSeq 2500 instrument 114 and 165 were sequenced on a HiSeq X instrument (Illumina, San Diego, CA, USA). Importantly, 115 samples were multiplexed within lanes in a random manner without regard to population ID. 116
117

Variant calling 118
We aligned all samples to the H. annuus XRQ genome using BWA (version 0.7.9a), removed 119 PCR duplicates using samtools and called variants using FreeBayes (version 1. To identify whether index switching is increased in samples sequenced on the HiSeq X, we 126 leveraged the fact that individual samples in our dataset were either sequenced on the HiSeq X 127 or the HiSeq 2500. Therefore, we can not only estimate index switching rates on the HiSeq X, 128 but also tell if it is higher than for previous technology. 129
130
Previous work has suggested that index switching is occurring for 1-10% of reads depending on 131 factors during library preparation and sequencing (Sinha et al. 2017) . This low level means that, 132 for our dataset, at a single locus, an allele acquired because of index switching is likely to only 133 have one read, given moderate overall read depth. We looked for these unbalanced 134 heterozygotes (i.e. one read for allele 1, many reads for allele 2) and asked if the rare allele 135 . CC-BY-NC 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/142356 doi: bioRxiv preprint first posted online May. 25, 2017; (which we refer to as "allele sharing"). We then calculated ‫‬ , the probability that the rare allele 137 should be found in those samples based on f, the allele frequency for all samples sequenced 138 with that machine (excluding the unbalanced focal individual) and n, the number of other 139 samples with genotypes in the lane (1). 140
We then plotted ‫‬ , the predicted proportion of cases where the allele is present in at least one 142 copy in the other samples from the lane, against p, the observed proportion of cases with allele 143
sharing. We fit a line to this relationship using a generalized additive model in the stat_smooth 144 command from ggplot2 (Wickham, 2016 To explore the sensitivity of our measure of index switching, we bioinformatically switched reads 160 in our vcf file, randomly selecting 0, 0.1, 0.5, 1, 5, or 10 percent of reads at each site across all 161 individuals to be switched. Switched reads were removed from the individual (i.e. reducing read 162 depth) and added to another individual sequenced in the same lane (i.e. increasing read depth). 163
We then recalculated genotypes simply by assigning samples containing reads for both alleles 164 as heterozygotes. These simulations were run through the same algorithm to detect index 165 switching. 166 167
Data availability
(https://github.com/owensgl/index_investigator) along with a dataset containing lane identifiers, 170 genotypes and read depths for samples used in this study. 171
172
Results
173
We fail to find evidence that index switching is occurring in our dataset. For samples sequenced 174 on both machines, the observed proportion of allele sharing within a lane tracked the predicted 175 proportion closely (Figure 1, Supplementary figure 1) . This was consistent with the pattern seen 176 in our control that used samples from different lanes. Despite this, we find that our method is 177 able to identify index switching in the simulated dataset. In particular, we find elevated allele 178 sharing around We have failed to find evidence for index switching here, but we certainly do not make the claim 268 that it cannot or does not happen. However, we would like to make two points: (1) 
